B-cell chronic lymphocytic leukaemia (B-CLL), the most common form of leukaemia in North America and Europe, is caused primarily by defective apoptosis. 1, 2 Such defect prolongs the physiological lifespan of the cells and renders them resistant to the effects of therapy. 1, 2 Advanced research on B-CLL pathogenesis and therapy therefore points to the identification of molecules that sustain cell survival and/or contrast death in this form of leukaemia. 1, 2 The expression of a number of antiapoptotic proteins has been detected in B-CLL cells. [3] [4] [5] [6] These include Bcl-2, [3] [4] [5] [6] Mcl-1, 4-6 inhibitor of apoptosis proteins (IAPs) 5, 6 and the cochaperone family member BAG1. 4, 5 Furthermore, surface structures, such as CD40, can transduce NF-kB-mediated survival signals in B-CLL cells. 7 Although all these molecules exert antiapoptotic activities, they do not completely account for the sustained leukaemic cell survival, to which other pathways are likely to contribute. 1, 2 The evidence that BAG proteins, like BAG1, can have a role in B-CLL biology 4,5 is intriguing. Indeed, proteins that share the BAG (Bcl-2-Associated Athanogene) domain are characterised by their property of biochemically and functionally interacting with a variety of partners, including heat shock proteins (Hsp), steroid hormone receptors, Bcl-2, Raf-1, 8 involved in modulating the proliferation/death balance. In this respect, they can potentially counteract proapoptotic inputs from more than one side, constituting a versatile tool for contrasting death signals of intracellular, environmental or therapeutic origin. Among BAG family members there is BAG3, also known as CAIR-1 or Bis. [8] [9] [10] [11] [12] Here we report our recent findings attesting the expression and prosurvival activity of this protein in human primary leukaemic cells from patients affected by B-CLL. Our analyses were conducted on peripheral blood leukaemic cells from 29 patients affected by B-CLL; patients' profiles are reported in Table 1 .
By RT-PCR (Figure 1 , Aa) and immunoblotting ( Figure 1 , Bb), we detected the expression of BAG3 gene in leukaemic cell samples from B-CLL-affected patients. To investigate whether BAG3 protein exerted a role in maintaining B-CLL cell survival and/or control the apoptotic response to therapy, a possible approach was to downmodulate BAG3 protein synthesis and verify the effect on B-CLL cell apoptosis. To this end, we used phosphorothioate oligodeoxynucleotides that can efficiently enter and combine with their target in human primary hematopoietic normal and neoplastic cells. 7, [15] [16] Antisense (TGCATCATGGGCGAGTGGGTG-GCGG, antisense 1; GCTCATGCTGGGTTGGGGTCTG, antisense 2; ATTAAAGGCGGGGGTGACGTGG, antisense 3) phosphorothioate oligodeoxynucleotides, specifically directed at BAG3-selective mRNA portions, 10, 12 and nonsense controls (TTATATTCTATTATATTTATGAACTCC, nonsense 1; CCTCGTAACCACCGACCTCAAT, nonsense 2; GCTTA-TGGAGGATTGAGGTTGG, nonsense 3) were constructed and administered to B-CLL cells in vitro. In cultures added with medium alone or control oligonucleotides, BAG3 protein was clearly appreciable by intracellular immunofluorescence; the intensity of the fluorescence signal was markedly reduced by the effect of antisense oligonucleotides ( Figure 1 , Ba) which instead did not modify cell staining with a BAG1-specific antibody ( Figure 1 , Bb). Downregulation of BAG3 expression was observed in nine out of nine analysed samples (patient 2,5,6,7,12,17,25,26,27 of Table 1 ).
We then investigated whether BAG3-specific antisense oligonucleotides could affect cell apoptosis. In accord with Table 1 ) and with any one of the three antisense (TGCATCATGGGCGAGTGGGTGGCGG, antisense 1; GCTCATGCTGGGTTGGGGTCTG, antisense 2; ATTAAAGGCGGGGGTGACGTGG, antisense 3), but not control (TTATATTCTATTATATTTATGAACTCC, nonsense 1; CCTCGTAACCACCGACCTCAAT, nonsense 2; GCTTATGGAGGATTGAGGTTGG, nonsense 3) oligonucleotides. C -B-CLL cells (1x10 6 /ml) were cultured in 10% FCS-RPMI without or with control nonsense or BAG3-specific antisense oligonucleotides (5 mM). Cytosolic lysates were obtained at 3 or 8 h and analysed for cytochrome c content 13 (a) or caspase-3 activity 14 (b), respectively. Results are representative of one of the three experiments with different B-CLL samples; analogous results were obtained in the other two. D -B-CLL cells (1 Â 10 6 /ml) from 29 patients were cultured in 10% FCS-RPMI without or with fludarabine (9-b-D-arabinosyl-2-fluoroadenine-monophosphate, Schering Spa, Milan, Italy) (3 mg/ml) and control nonsense or BAG3-specific antisense oligonucleotides (5 mM). After 5 days, the percentages of hypodiploid nuclei were determined by propidium iodide ncorporation in permeabilised cells and flow cytometry.
incubated with antisense oligodeoxynucleotides for 3 or 8 h, there was a more than the 40% increase in both cytochrome c release (Figure 1 , Ca) and caspase-3 activity (Figure 1, Cb) , respectively. Next, we analysed the effect of BAG3 antisense, alone or combined with the chemotherapeutic compound fludarabine, in the 29 samples of Table 1 . Cells were cultured for 5 days without or with antisense or control nonsense oligonucleotides and/or fludarabine; the percentages of apoptosis, measured as hypodiploidy in flow cytometry, 17 are shown in Figure 1, d These findings indicate that, in addition to BAG1, 4,5 another member of the same protein family, BAG3, exerts a prosurvival activity in B-CLL cells. These pieces of evidence concur in identifying BAG proteins as relevant modulators of the survival/apoptosis balance in B-CLL. BAG proteins can counteract cell apoptosis by more than one mechanism. 8 In this respect, they could exert a versatile, and therefore particularly effective, antiapoptotic activity, influencing different death pathways initiated by intracellular programmes or extracellular stimuli (immune attack, TNFR/CD95 ligands, chemotherapy). Functional interactions of BAG3 with Hsp 18, 19 and other possible partners 8 are currently investigated in our laboratory.
Since downmodulation of BAG3 protein levels results in B-CLL cell apoptosis, such protein appears to be required for cell survival in this type of tumour; consequently, hampering its expression and/or activity can result in an antineoplastic effect. BAG3 protein is also synthesised in normal B lymphocytes, where it can contrast oxidative stress-induced apoptosis (data not shown). Therefore, similar to Bcl-2 or Mcl-1, [20] [21] [22] it seems to display the same antiapoptotic property in normal as well as in leukaemia lymphocytes, where its activity results in sustaining the neoplastic process. More detailed analyses will clarify whether leukaemic cells harbour alterations in BAG3 protein levels and/or functioning. It should also be noted that BAG3 expression has been detected in other tissues, including skeletal muscle, heart, ovary. 8 Its downmodulation in these cell types should clarify the tissue-specific role of BAG3 protein in cell survival. Finally, the expression and functional activity of BAG3 in normal human haematopoietic progenitors have not been analysed. These issues deserve investigation for a better understanding of mechanisms that control cell apoptosis in primary cells and a possible design of BAG3-based, leukaemia-specific therapies. 23 
